To test whether nonepidermal cells can become fusogene encodes novel type I membrane proteins regenic after ectopic expression of EFF-1, we analyzed quired for epithelial cell fusion. Analysis of eff-1 muvulval precursor cells (VPCs) in the ventral side of L3 tants showed that cell fusion normally restricts routes larval-stage animals. We found that VPCs in hsp:: for cell migration and establishes body and organ EFF-1 animals fused ectopically to the epidermis, reshape and size [ 5, 8, 9, 11]. Here, we explored cell sulting in aberrant vulvae (n ϭ 11/32, Figure 1G ). Thus, fusion by using time-lapse confocal and electron mieff-1 ectopic expression promotes ectopic fusion in norcroscopy of different organs. We found that ectopic mally nonfusogenic cells ( Figures 1C and 1G) . To deterexpression of eff-1 is sufficient to fuse epithelial cells mine whether ectopic EFF-1 is sufficient to fuse cells that do not normally fuse. This ectopic fusion results that have never expressed wild-type EFF-1, we repeated in cytoplasmic content mixing and disappearance of the same experiments but in an eff-1(Ϫ) background. apical junctions, starting less than 50 min after the We found that after heat shock in eff-1 mutants, ectopic start of eff-1 transcription. We found that eff-1 is necexpression of eff-1 is able to induce cell fusion in two essary to initiate and expand multiple microfusion distinct epithelial ectoblastic cells: the epidermal seam events between pharyngeal muscle cells. Surprisingly, cells and the VPCs (n ϭ 22, Figures 1D and 1H ).
tested cytoplasmic content mixing in embryos expressing hsp::eff-1; eff-1p::GFP; ajm-1::GFP; eff-1(hy21) (Figure 2) . We found that cytosolic GFP (eff-1p::GFP) did spread between ectopically fused epithelial cells, accompanied by disappearance of AJM-1::GFP from the apical junctions (AJs), showing these are real fusion events. To determine the minimal time required to get ectopic fusion from the initiation of heat shock to the start of cell fusion, we tried different times of the heat shock period and imaged cell fusion and cytoplasmic content mixing in live embryos using time-lapse microscopy. We detected such events already 50 min after the start of the heat shock treatment (which by itself must take place for at least 35 min). EFF-1-dependent cell fusion events occurred before morphogenesis between tens of cells that are not normally fusogenic in wild-type embryos.
In summary, eff-1 is not only necessary but it is also sufficient to promote cell fusion in vivo. Being sufficient does not necessarily mean eff-1 acts alone. Our results mean that if other components exist in the fusion machinery, they are already present in nonfusing cells and require direct eff-1 activity to initiate fusion events. Alternatively, eff-1 could serve as a signaling molecule, activating a cascade, which results in the transcription of fusion genes and recruitment of these gene products to promote cell fusion. However, a short time window between eff-1 expression and fusion events (Յ50 min), together with evidence showing that different mutations prevent downregulation of cell fusion and eff-1 expression throughout development ([5, 9]; Cassata et al., unpublished data), suggest that most cells are fusion competent and only need eff-1 expression to fuse during embryonic and larval development.
Tissue-Specific Activities of eff-1 Initiate and Expand Cell Membrane Fusion
To identify the stage in epidermal cell fusion in which eff-1 is active and to characterize tissue-specific eff-1- Figure S2) . Moreover, the distance between unfused membranes (9-13 nm) was undistinwas similar to wild-type cells except that the plasma membranes and AJs remained intact and unfused guishable from wild-type ( Figure 3A) . Based on these observations, we conclude that eff-1 mediates epithelial throughout development. Some cells showed local increases in autophagy, perhaps due to limited opportunicell fusion before or at the initiation stage.
To determine whether eff-1 is essential for the initiaties to deliver secretory products to the cuticle as the 
